Reservoir are related more to changes in the river inflow over the year than to environmental 10 factors such as the air temperature and solar radiation. Field data and hydrodynamic simulations 11 revealed that river inflow contributes to increased heterogeneity during the dry season due to 12 variations in the reservoir retention time and river temperature. Contradictory conclusions could 13 be drawn if only temporal data collected near the dam were considered without spatial data to 14 represent CO2 fluxes throughout the reservoir. During periods of high retention, the average CO2 impact of these communities on tropical hydropower reservoirs is still unclear.
23
River inflows may affect the biogeochemical patterns in river valley reservoirs (Kennedy, 1999).
24
Density differences of incoming stream and lake water, the stream and lake hydraulics, the 25 strength of stratification and mixing patters are all features that control how river water will flow 26 when it reaches the reservoir (Fischer and Smith, 1983; Fischer et al., 1979) . As a result of 27 density differences between river and lake water, a river enters a lake and can flow large Consequently, the river inflow may affect primary production along a river/dam axis in 1 hydropower reservoirs that are strongly influenced by rivers with high nutrient levels.
2
In this study, we investigated the relationships between phytoplanktonic biomass and water-air temporal dynamics of phytoplankton and the intensity of CO2 fluxes. We demonstrate the effect 7 of river inflow on the heterogeneity of pCO2 and Chl in the Funil Reservoir. We also compare 8 temporal data of the pCO2 collected near the dam with a high density of spatial data. Our 9 hypothesis is that the seasonal and spatial variability of pCO2 and Chl in the Funil Reservoir is 10 related more to the river inflow and retention time than to external environmental factors such as 11 air temperature and solar radiation. We highlight that very different conclusions can be drawn 12 about carbon cycling in reservoirs if the spatial heterogeneity is not adequately considered. water level occurs at the end of the rainy season (April) and dry season (October), respectively.
23
From October 2011 to September 2012, the difference between the minimum and maximum 24 water level was 15.6 m and the average retention time was 32 days.
25
The Funil Reservoir has a catchment area of 12,800 km 2 that is one of the most highly 26 industrialized regions in Brazil. There are approximately 2 million people living inside the 27 catchment area and 39 cities that depend on the Paraíba do Sul River for their water supply.
28
These cities represent 2% of Brazil's gross domestic product (GDP) (IBGE, 2010) . In this area, 
Field Sampling

9
Spatial data -We considered 42 stations in the Funil Reservoir (28 were located along the main 10 body of the reservoir, Fig. 1 ) for the spatial analyses. Water samples to determine Chl and pCO2
11
were obtained between 9:00 and 12:00 Local Time (LT; UTC/GMT -3 hours) on March 1, 2012
12
(at the end of the rainy season, at high water levels) and on September 20, 2012 (at the end of the 13 dry season, at low water levels). Samples were taken from the surface (0.3 m) on the same day to 14 limit the effect of diurnal variations on the results. We measured Chl using a compact version of Color maps were created to represent the spatial distribution of Chl and pCO2 (Fig. 2) 
4
We calculated the pCO2 from the surface water over one year near the dam using the measured 5 pH and alkalinity. The calculations included the dependence on temperature for the dissociation 6 constants of carbonic acid (Millero et al., 2002 ) and the solubility of CO2. We used the hourly 7 data of pH and temperature and the monthly data of alkalinity collected at station S28 (Fig. 1 CO2 fluxes denote the net gas flux from the lake to the atmosphere
where k is the gas transfer velocity of CO2 (in m h -1 ), α is the solubility coefficient of CO2 (in 
19
where Sc is the Schmidt number of a given gas at a given temperature (Wanninkhof, 1992 where U10 is the wind speed at 10 m height. The wind speed was obtained from SIMA data at 3 3 m height and was calculated at 10 m height (Smith, 1985) .
4
In the riverine zone, we considered the k600 as a function of wind and water currents. The 5 contribution of the water current to the gas transfer velocity was estimated using the water Temperature profiles were collected using a thermistor chain deployed at station S09 during the 10 rainy season and station S14 during the dry season to determine the thermal structure in the 
18
In our analysis, the temperature was considered to be the factor controlling water density. conditions (e.g., inflow, outflow, atmospheric temperature and radiation). These simulations
11
were aimed at testing hypotheses about river inflows in transition zones during the rainy and dry Coriolis force was then considered in the Navier-Stokes equation. This force causes the 2 deflection of moving objects (in this case, the water currents) when they are viewed in a rotating 3 reference frame (e.g., the Earth).
4
We defined two sets of boundary cells to force the inflow (Paraíba do Sul River) and outflow
5
(the water intake at the dam). The meteorological driving forces over the free surface of the 6 reservoir were considered uniform. The model was forced using hourly meteorological data for more details) to estimate the temporal variation of temperature at the reservoir's inflow. The
12
M*D11A1 is a standard remote sensing-based product, generated using a split-window algorithm Active Archive Center (NASA/LPDAAC).
22
The cloud cover fraction over the Funil Reservoir was estimated using a MODIS Level 2 Cloud The MODIS products were acquired online (http://reverb.echo.nasa.gov/reverb/) and were 1 preprocessed using the MODIS Reprojection Tool (available at https://lpdaac.usgs.gov). The 2 data were first resampled to a 100 m spatial resolution (compatible with the bathymetric grid).
3
Next, they were re-projected into the Universal Transverse Mercator (UTM) coordinate system 4 (zone 22 South) with the World Geodetic System (WGS-84) datum as reference; then, they were 5 converted into a raster image. Finally, MATLAB® routines were used to calculate the river 6 inflow temperature and cloud cover fraction time series. The river inflow temperature (°C) time The cloud cover fraction (dimensionless) time series was obtained using the preprocessed 10 M*D35L2 data by computing the ratio between the cloudy pixels and the total pixels covering 
25
The Funil Reservoir was spatially heterogeneous with seasonal differences in the Chl and pCO2
26
( Fig. 2) . There was only high spatial variation in the main body of the reservoir, whereas the 27 southern part was undersaturated in CO2 during the rainy and dry seasons (Fig 2a, b) . The a drastic decrease in the transition zone were observed in both sample periods (Fig. 3a,b ). In the 3 lacustrine zone, undersaturation of CO2 was prevalent at all sample sites in the rainy and dry 4 seasons. Considering all of the sample sites, there were significant differences between the rainy Table 1 ). Furthermore, the average concentration in the 8 transition zone was 2.5 times higher than the reservoir average (129.2 and 52.0 µg L -1 , 9 respectively). Unlike the pCO2, the Chl data showed no significant difference between the rainy 10 and dry season considering all of the spatial data (t = 1.99, p > 0.05).
11
The calculated CO2 fluxes from the spatial data varied from -46. 
Temporal variability
17
The pCO2 calculated from the multi-parameter sonde data (temperature and pH) and the 18 alkalinity showed a large seasonal variability over the year at the station near the dam (Table 2) .
19
The pCO2 varied from 35 to 4058 µatm, with an average of 624 ± 829 µatm and median of 165 20 µatm. The pCO2 supersaturation was prevalent between April and June, whereas pCO2 21 undersaturation was prevalent during all other periods (Fig 4a) . The lowest median of pCO2 was 22 observed between October and December (43 µatm). Considering all of the temporal data 23 throughout the year, 59.8% of the data measured below atmospheric equilibrium and 1.1% were 24 within 5% of the atmospheric equilibrium.
25
In the Funil Reservoir, the seasonal pCO2 variation over the year at the station near the dam 26 agreed with the variation in the retention time (Fig. 4) . The yearly average of the reservoir 27 retention time was 32.6 days over the research year. The lower retention time occurred between 1 coming from the watershed and rain during the rainy season (October to March).
2
Because we sampled temperature on a sub-daily scale over the year, we used the equations Caraco (1998) formulations to calculate k600 did not significantly change our results (Table 1) .
7
Due to the large sample size of the temporal data (hourly data), significant differences were October and December (rainy-spring) ( Table 1) . From January to July, the lake lost substantial
13
CO2 via degassing (Table 1 ). The uptake of CO2 from the atmosphere was also prevalent 14 between July and September (dry-winter). A summary of all other data collected over the study 15 period is shown in Table 2 . We observed significant differences between the thermal structures during the rainy and dry (Table 3 ). The average temperature difference between the river and 29 reservoir surface waters was 2.1 and 0.3 °C during the rainy and dry season, respectively.
Simulations 1
We first compared the simulated and real temperatures at stations S09 and S14 from the rainy (Fig. 5b) were not well represented, the model reproduced the behavior of the inflow as 9 underflow during the rainy season ( Fig. 6a ) and as interflow and overflow during the dry season
10
( Fig. 6b) as anticipated by the schematic representation (Fig. 5c,d ). The river flowed mainly at 6 represents the depth at which the river water spreads laterally in the reservoir. During the rainy 18 season, the river flowed as underflow (Fig. 6a) ; however, when the river reached its maximum 19 temperature, at approximately 21:00 LT (Table 3) , the temperature difference between the river 20 and surface water decreased, the level of river neutral buoyancy moved upward and the 21 maximum flow was observed between 4 and 6 m (Fig. 6a) . During the dry season, the river 22 overflowed, but plunged down to 4 to 6 m depth when high surface temperatures during the day 23 coincided with a period of the lowest river temperatures (Table 3 ) and neutral buoyancy moved 24 downward (Fig. 6b) . The change in river flow patterns between September 20 and 21 occurred 25 due to a decrease in the river temperature during a rainfall that occurred at approximately 16:00
26
LT on September 20, 2012 (Fig. 6b) . Primary production associated with high Chl levels was the main regulator of the CO2 3 concentration at the surface of the Funil Reservoir (Fig. 7) . Spatially, the pCO2 levels were 4 negatively correlated with the Chl (r2 = 0.71). In old hydropower reservoirs, where the C source 5 from flooded soil after impounding has become negligible, primary production may become a 6 significant element of the C budget. Intense primary production fuelled by high levels of 7 nutrients reduces the CO2 concentrations to levels below the atmospheric equilibrium in 8 transition and lacustrine zones of the Funil Reservoir (Fig. 3) . The high pCO2 in the riverine 9 zone may be explained by the terrestrial ecosystem respiration entering the river as dissolved soil 10 CO2, the oxidation of allochthonous and emergent autochthonous organic carbon, the 11 acidification of buffered waters, the precipitation of carbonate minerals, and the direct pumping Low pCO2 levels observed at the station near the dam over the year was associated with the 14 following: (1) high primary production due to higher temperatures and solar radiation that 15 promoted water column stability and stratification; and (2) constant high nutrient availability.
16
Because nutrient availability in the Funil Reservoir was high during the entire year ( Due to phytoplankton productivity, we observed a net uptake of CO2 over the year at the station 21 near the dam, especially between October and December (Table 1) . However, the fate of carbon phytoplankton generating CO2 or CH4 in the water column before it reaches the sediment.
It is important to note that the CO2 production in the sediments can leave an imprint on the pCO2 By considering that the outflow exported the same amount of carbon that from the watershed 12 (Table 2) , we suggest that a high sedimentation rate offsets the uptake of CO2 from the these processes but they may also be regulated by dam operation in the Funil Reservoir.
25
The position of the transition zone of the reservoir moves as a result of the season (Fig. 3) . At the 26 end of the rainy season, the retention time and water level was high and the influence of the river 27 in the surface water of the reservoir was restricted to a small area (Fig. 2a, c) . However, when the 28 water level and retention time was low, the transition zone moved toward the dam and the river inflow influenced the surface Chl and pCO2 over more than 40% of the total reservoir surface 1 area (Fig. 2b, d ). As previously reported, when the retention time is short, a reservoir can become 2 a fluvial-dominated system (Straškraba, 1990).
3
The size of the river-influenced area over the reservoir surface water also depends on the water 4 density. Differences in the river and reservoir temperatures, the total dissolved solids, and the 5 suspended solids can cause a density gradient in the water column. Depending on the water 6 density differences between the inflow and the reservoir, the river can flow into the downstream (Table 2) , may explain the high Chl 16 levels observed in the transition zone (Fig. 3) .
17
Many cold fronts pass through the Brazilian midwest and southeast during the dry seasons. (Table 2 ) and consequent decrease in the density difference between the river and 20 reservoir surfaces leads to river inflow that is characterized by inter-overflow (Fig. 5b,d) . In an 21 inter-overflow, the riverine characteristics of high turbulence, pCO2 and low Chl are observed in 22 the reservoir surface 5 km toward the dam (Fig. 3a,b) . Although there are high nutrient 23 concentrations in the transition zone (Table 1 ) between S19 and the river, the surface water is 24 dominated by river flow with low Chl concentrations (Fig. 3) . Favorable conditions for The simulation of the rainy season (Fig. 6 ) indicated a minimal influence from the river inflow 28 on the surface water, which was suggested by the thermal stability in the transition zone (Fig.   29   5a ). The simulation of the dry season represented the overflow, particularly at night (Fig. 6b) .
However, the simulation did not represent intrusions of the river water on the different depths 1 (every 2.5 m) as suggested by the temperature profile in the transition zone (Fig. 5b) . The 2 variation in the river inflow over the day (Fig. 6 ) occurred in response to the lag change in the 3 temperature of the river and the reservoir. During the rainy season, this oscillation enhanced the 4 intake of nutrients into the euphotic zone when the reservoir surface temperature decreased and 5 the river temperature reached its maximum at the end of the day (Table 3) . During the day, when 6 the river temperature dropped, the large peak of Chl in the transition zone (Fig. 3a) could be a 7 result of developing diurnal stratification (Fig. 5) . During the dry season, peak Chl occurs five 8 kilometers further downstream (Fig. 3b) because the inflow never plunges due to lower 9 temperature differences between the river and reservoir surfaces. (Table 4) ; however, this observation did not represent the entire reservoir. The 2 spatial data collected at low water levels showed low pCO2 in the dam as well; however, almost 3 half of the reservoir is supersaturated due to river influences (Fig 2d) . The average pCO2 during 4 low retention time was 881 µatm over the whole reservoir area, contrasting with only 69 µatm 5 near the dam. Furthermore, if we considered only one station near the dam to estimate the CO2 6 flux between the lake surface and atmosphere, the conclusion would be contradictory. For (CO2 source) for the whole reservoir (Table 4) .
10
Same contradictory conclusions can be expressed when studies with low sample site numbers are 11 considered for spatial heterogeneity. Previous studies looking at the heterogeneity of the Funil
12
Reservoir indicated no phytoplankton biomass peak in the transition zone (Soares et al., 2012).
13
In our study, the Chl data collected every 1000 m as a proxy were able to show a clear transition parameters to define its location (Fig. 2c,d ). Alcantara, E., Curtarelli, M., Ogashawara, I., Stech, J., and Souza, A.: Hydrographic Curtarelli, M., Ogashawara, I., Stech, J., and Souza, A., PANGAEA, Bremerhaven, 1-3, 2013. Curtarelli, M. P., Alcântara, E., Renno, C. D., Assireu, A. T., Stech, J. L. and Bonnet, M. P.:
25
Modelling the surface circulation and thermal structure of a tropical reservoir using three- Fearnside, P. M., and Pueyo, S.: Greenhouse-gas emissions from tropical dams, Nature Clim.
11
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